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Merrificld^s pioneering work in the area of polymer-supported 
polypeptide synthesis^ has led to the development of polymer- 
supported synthesis as an important new synthetic strategy^ in 
organic chemistry/ and the literature associated with polymer- 
supported reagents and catalysts is extensive.' Furthermore, 
recent interest in the preparation of large libraries of molecularly 
diverse compounds for deployment in various screening protocols 
has led to the development of a number of intriguing polymer- 
supported synthetic strategies.* This renaissance in compound 
screening of "combinatorial libraries" has. for the most part,'*' 
focused on chemically synthesized peptide libraries where the 
diversity is constrained to amide and protecting group chemistries.' 

Intrigued by the potential of rational synthesis applied to organic 
(non-pcptidc, non-oligosaccharide, and non-nucleotide) molecule 
libraries, we have set out to explore and validate a number of the 
key issues inherent in "analogous* (i.e., solid-phase split-mix) 
organic synthesis.*^ Such technology would combine the po- 
tentially limitless diversity of synthetic organic reactions and 
reagents with the innate advantages that small organic molecules 
bring to the discovery of bioavailable therapeutic agents. In this 
report, we address a number of the chemical questions relevant 
to preparing small organic molecule libraries by targeting the 
analogous organic synthesis of i3-mcrcapto ketones 8. These 
substrates were selected for this investigation because collectively 
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they illustrate (i) the potentially tremendous reaction versatility 
of analogous organic synthesis (in this case, the novel adaptation 
of well-documented solution-phase protection, oxidation, Homer- 
Emmons condensation, Michael addition, and deprotection 
chenustry to solid-phase split-mix chemistry) and (ii) the 
potentially vast reagent selection which can be brought to bear 
in analogous organic synthesis (in this case, the ready availability 
of ylidc and thiolate reagents). Finally, targeting a limited (in 
this case, nine compound) library in this demonstration project 
has allowed us to hold this library to the normal structural 
characterization (»H and »3C NMR, LRMS, and HRMS) 
standards of organic chemistry. 

The chemistry urgcted for this study was first explored as a 
solid-phase serial synthesis to establish the validity of each 
synthetic step (Scheme 1). 1,4-Butancdiol was atuched to the 
polystyrene support (• = polystyrene/2% divinyl benzene co- 
polymer) by trityl ether* > monoprotection (in this reaaion, 
polymer-based site isolation^*-' ^ effectively minimizes bis-pro- 
tection), and the free hydroxyl of 2 was relayed to the corre- 
sponding aldehyde (3) by a sulfur trioxidc-pyridine-mediated 
oxidation." Homer-Emmons condensation of THF-swoUen resin 
3 with I -triphenylphosphoranylidcne-2-propanone delivered enone 
4a and set the stage for Michael addition of aryl thiolate. Treating 
resin 4a with thiophenol and a catalytic amount of sodium 
methoxide delivered Michael adduct 5d, which, upon trityl ether 
solvolysis with formic acid, delivered the targeted formate ester 
8d. It is noteworthy that each transformation in this scheme can 
be monitored by KBr pellet FT-IR analysis of the polymer.*^ 

The next objective was to adapt this chemistry. tp a "split-mix" _ 
organic synthesis method.'^ To showcase this approach, it was 
decided that polymer-bound aldehyde 3 would be divided into 
equal portions in three separate flasls and subsequently condensed 
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Figure 1. CapUlary GC analysis (Hewlett-Packard 5890; 30-m X 0 25- 
/im DB21 0 fused silica column) of the sublibrary from Oask 1 (pcakno 
« product/retention timc/rclalive peak area): 1 - gd/9.56 min/1 09* 
- n^^n^nl'' ^^^^^'^^ "^"/^'^^ f " "^related impuriti«; 

Scheme 2 
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With three different ylide reagents. The ylides selected for 
conversion 3 - 4 were the R' = Me/'Bu/Ph analogues, and. 
after the separation-reaction-recombination sequence ["split- 
mu method represented in Scheme 2 as a resin mixture 
was obtained which consisted of beads of 4a. beads of 4b and 
beads of 4c. 

This mixture of beads was again equally divided into three 

d^'u ^ "^"P' '""^ treated with 

a Michael donor; flask 1 received thiophenol. flask 2 received 
p-thiocresol. and flask 3 received 4-chlorothiophenoI. Prior to 
recombining the contents of each flask (i.e.. sublibrary). small 
1?)?^ » removed and incubated with a THF/ 

HCOjH mixture (1:3. 12 h)'* to liberate the small molecule 
products. The THF/HCO,H solution was withdrawn from the 
beads, evaporated and the residue Uken up in benKne. We 

werepleasedtofindthatcapillaryGCanalysisofeachsublibrary 
mixture showed essentially only the three Urgeted formate estere 
8 (i.e.. formate esters from Sd-f. 6g-i, and 7j-J). which were fully 

GC-MS." ' """^ '""^ '"-resolution 

The chromatogram for the mixture obtained from flask 1 is 
shown m Figure 1 and illustrates that, while there were no 
«ve SIh ^'^r^*^ " """'"S""" »^8anic synthesis 

Xll^- ^'^^"^ "'P*' ^'^ '^''"^ products are 

?rom fl?,wf Chromatograms for sublibraries 

tt Ho™S / ^"""^ "'^Wishing that each of 

the Homer-Emmons condensation reactions proceeds nicely as 
does each Michael addition reaction. It al^ suggesS^a't a 
deconvoluuonb|oassay(i.e..astrategywher^ 
m a library IS -d^covered- by successive analysis of the" brary 
and Its predecessor sublibraries) requiring resL-free substmZ 
could be utilized to screen an "analogue" library (i.e.. a libVaS 
ofsmall compounds resultingfromanalogousorganic sySltiS 
THFVlcaunnT^J '^'y' "'""'y*" ruction eondiuoni of 31 

(17) After this mauuicrin* w«r .„k«:.. J^r '°"^?J^^"'«* 
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Communications to the Editor 

Bioassaysrunonresin-boundmaterialarealsointriguinR and 
in a prehnunary probe of the feasibility of analogou^ ofgS 

synthesesutilizmgthisstrategy.we were engaged withtheouitfnn 
of whether compound identity could be deSmn^ on a S 

tos^Jity of characterizing product mixtures comphS fy 

encountered in pept.de synthesis), (ii) the small amount^ o 
m enal avadable (»10-.o n,ol/bead). and (iii) the poTemia^fJ 
heterogeneity among modified polymer beads. cEn simSe 

Wtionandhandlingtechniques coupled with seSS! 
MSprotocolswereemployedforthispurpose. BecauseSSmion 
substrurtures often yield characteristic^ spectral 
potenual undesired side reactions as well as optEtionSti 
analogous organic synthesis could be addressed by searcLgfo 
the presence of these peaks by GC-MS. """SJor 
40^^*"*.^^* i«ue of per bead analysis, a single bead (200- 
400 mesh) was isolated with the aid of a microscope and plaod 

THF/HCO2H(10ML.overmght)foUowedbyevaporation. residue 
d.solutionmhe«ne(2ML).andGC-MSana^^^ 
: Jbat single bead's formate ester product 8. Nine random sing" 
bead analyses of our nine-compound analogue library (pooled 
resins 5. 6. and 7) detected the formates of 8d (detect^ in^S 

ana ys«).8e.8g 8h.8k(detectedintwoanalyse^).a„d8I.S«rly 
smgle-bead analysis of 20(M0O mesh resin is straightforward 
with theonlydifficulty being mechanical issues related to handling 
a single small bead (=.100-Mm diameter). Experiments are 
currently underway with 2(M0 mesh beads, as these are easily 
manipulated with forceps without the aid of a microscope 

As a final demonstration of the reliability of analogous organic 
synthesis, separate 800-mg samples of sublibrary resins 5. 6, and 
7 were incubated with THF/HCO,H and the THF-soluble 
residues punfied by preparative thin-layer chromatography. A 
UV-active band was observed for each formate ester, which was 
subsequently isolated and fully characterized. By this process 
f-, ^^'^ '""^'"^ ester derivatives 8d-f in 27%. 1 1%' 

n?t , f m"?^ 'Z"'',^^ based on 1 .57 mmoi 

oftntyl chlonde/g of resin (flask 2 gave8g-i in 24%/17%/19%- 
flask 3 gave 8}-! in 24%/7%/20%). ' 

In summary, these resulu demonstrate that analogous organic 
synthesis using simple and universally available laboratory 

technology candeliverorganiccompoundanaloguelibrarieswhicb 
appear suitable for both resin-bound and resin-free bioassays 

c;5!f.??w l"'''?jf'"^^*2(numberoflinearsynthetic 
'JL J"".""^' °^ P*"" ««P) matrix and reliably 

dehvered themne targeted substrates. With these results in hand 
we niay now employ this general and expedient analogous organic 
synthesis methodology in bioassay-targeted libraries, and such 

studies targetmgantioxidantcompounds are currentlyin progress 
and wiU be reported shortly, finally, it is noteworthy that an 
analogous organic synthesis* matrix, where denotes the 
nuinber of flasks in analogous steps / through n, leads to an 
analogueLbraryofXrX<rX«,...X.compounds. Hence. analogous 
oiganicsynthesiscanresultinanaloguelibrariesofgreatdiversity. 
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Sopplemeatory Material Arallable: Complete experimental 
procedures for the preparation of resins 5-7. experimental deuils 
for the solvolysis $-7 - 8d-l. capillary GC chromatograms for 
the$ubbbranes.and GC-MS daU for thesublibraries (12 pages). 
This material is contained in many libraries on microfiche 
immediately foUows this article in the microfilm version of the 
journal, and can be ordered from the ACS; see any current 
masthead page for ordering information. 



